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DATA COLLECTION ASSEMBLY FOR PATIENT INFUSION SYSTEM 
Cross-Reference to Related Applications 

(01) The present application claims priority to provisional U.S. patent application 
serial number 60/237,904, filed on October 4, 2000, which is assigned to the assignee of the 
present application and incorporated herein by reference. The present application is related to 
U.S. patent application serial number 09/943,992, filed on August 31, 2001, which is assigned to 
the assignee of the present application and incorporated herein by reference. 

Field of the Invention 

(02) The present invention relates generally to a system of medical devices and 
methods, and more particularly to small, low cost, portable infusion devices and methods that 
collect physiologic data from a mammalian patient, and are used to achieve precise, 
sophisticated, and programmable flow patterns for the delivery of therapeutic liquids to that 
patient. 

Background of the Invention 

(03) Today, there are numerous diseases and other physical ailments that are treated by 
various medicines including pharmaceuticals, nutritional formulas, biologically derived or active 
agents, hormonal and gene based material and other substances in both solid or liquid form. In 
the delivery of these medicines, it is often desirable to bypass the digestive system of a 
mammalian patient to avoid degradation of the active ingredients caused by the catalytic 
enzymes in the digestive tract and liver. Delivery of a medicine other than by way of the 
intestines is known as parenteral delivery. Parenteral delivery of various drugs in liquid form is 
often desired to enhance the effect of the substance being delivered, insuring that the unaltered 
medicine reaches its intended site at a significant concentration. Also, undesired side effects 
associated with other routes of delivery, such as systemic toxicity, can potentially be avoided. 
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(04) Often, a medicine may only be available in a liquid form, or the liquid version 
may have desirable characteristics that cannot be achieved with solid or pill form. Delivery of 
liquid medicines may best be accomplished by inftising directly into the cardiovascular system 
via veins or arteries, into the subcutaneous tissue or directly into organs, tumors, cavities, bones 
or other site specific locations within the body. 

(05) Parenteral delivery of liquid medicines into the body is often accomplished by 
administering bolus injections using a needle and reservoir, or continuously by gravity driven 
dispensers or transdermal patch technologies. Bolus injections often imperfectly match the 
clinical needs of the patient, and usually require larger individual doses than are desired at the 
specific time they are given. Continuous delivery of medicine through gravity feed systems 
compromise the patient's mobility and lifestyle, and limit the therapy to simplistic flow rates and 
profiles. Transdermal patches have special requirements of the medicine being delivered, 
particularly as it relates to the molecular structure, and similar to gravity feed systems, the 
control of the drug administration is severely limited. 

(06) Ambulatory infiision pumps have been developed for delivering liquid 
medicaments to a patient. These infiision devices have the ability to offer sophisticated fluid 
delivery profiles accomplishing bolus requirements, continuous infiision and variable flow rate 
delivery. These infiision capabilities usually result in better efficacy of the drug and therapy and 
less toxicity to the patient's system. An example of a use of an ambulatory infiision pump is for 
the delivery of insulin for the treatment of diabetes mellitus. These pumps can deliver insulin on 
a continuous basal basis as well as a bolus basis as is disclosed in U.S. Patent 4,498,843 to 
Schneider et al. 

(07) The ambulatory pumps often work with a reservoir to contain the liquid medicine, 
such as a cartridge or reservoir, and use electro-mechanical pumping or metering technology to 
dehver the medication to the patient via tubing from the infiision device to a needle that is 
inserted transcutaneously, or through the skin of the patient. The devices allow control and 
programming via electromechanical buttons or switches located on the housing of the device, 
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and accessed by the patient or clinician. The devices include visual feedback via text or graphic 
screens, such as liquid crystal displays known as LCD*s, and may include alert or warning lights 
and audio or vibration signals and alarms. The device can be worn in a harness or pocket or 
strapped to the body of the patient. 

(08) Often it is desirable to modify and customize the amount or delivery profile of the 
liquid medication based on specific physiologic parameters that are measurable with state of the 
art diagnostic devices. For the diabetic patient, blood glucose levels can be measured with a 
glucose monitoring device such as the One Touch device, manufactured by LifeScan a division 
of Johnson and Johnson. Based on the blood glucose readings measured, the patient or clinician 
can give specific amounts of liquid insulin or modify the flow profile of the insulin currently 
being delivered to the patient. For other diseases and therapies, physiologic variables such as 
blood pressure, white blood cell count, toxicity level and various other parameters may be 
measured to determine the best amount, rate and timing of liquid medication to be delivered to 
the patient, easily modified by those patients utilizing an ambulatory infusion device. 

(09) Currently available ambulatory infusion devices are expensive, difficult to 
program and prepare for infusion, and tend to be bulky, heavy and very fragile. Filling these 
devices can be difficult and require the patient to carry both the intended medication as well as 
filling accessories. The devices require specialized care, maintenance, and cleaning to assure 
proper functionality and safety for their intended long term use. Due to the high cost of existing 
devices, healthcare providers limit the patient populations approved to use the devices and 
therapies for which the devices can be used. 

(10) Also, the currently available ambulatory infusion devices are not specifically 
designed to work or be compatible with diagnostic devices, requiring additional equipment, 
supplies and most importantly programming steps for each infusion device to fully take 
advantage of modifying the flow profile based on the diagnostic measiu-ement. 
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(1 1) Clearly, therefore, there was a need for a programmable and adjustable infusion 
system that is precise and reliable and can offer clinicians and patients a small, low cost, hght 
weight, simple to use alternative for parenteral delivery of Uquid medicines. 

(12) In response, the applicant of the present apphcation provided a small, low cost, 
lightweight, easy to use device for delivering liquid medicines to a patient, which is described in 
co-pending U.S. application serial No. 09/943,992, filed on August 31, 2001. The device 
includes an exit port, a dispenser for causing fluid from a reservoir to flow to the exit port, a 
local processor programmed to cause a flow of fluid to the exit port based on flow instructions 
from a separate, remote control device, and a wireless receiver connected to the local processor 

□ 

for receiving the flow instructions. To reduce the size, complexity and costs of the device, the 
device is provided with a housing that is free of user input components, such as a keypad, for 
p providing flow instructions to the local processor. 

(13) What is still desired are new and improved devices for delivering fluid to a 

^ patient. Preferably, the fluid delivery devices will be simple in design, and inexpensive and easy 

1^ 

g to manufacture, to further reduce the size, complexity and costs of the devices, such that the 
J devices or portions thereof lend themselves to being small and disposable in nature. In addition, 
Q the fluid delivery devices will preferably be compatible with a diagnostic device measuring a 

physiologic parameter, and be adapted to easily modify operation based on measurements from 

the diagnostic device. 

Summary of the Invention 

(14) The applicant has determined that a sophisticated ambulatory infusion device that 
can be programmed to reliably deliver variable flow profiles of liquid medications, yet is small, 
lightweight and low cost, is needed. Avoiding the general upkeep and maintenance required by 
expensive, long-term use devices is necessary for broader acceptance of ambulatory infusion 
therapy. Smaller and lighter devices are easier to carry and are more comfortable for the patient 
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even allowing the device to attach with adhesive to the patient's skin similar to a transdermal 
patch. 

(15) An inexpensive device allows greater flexibility in prescribing the device for use 
by reducing the financial burden on healthcare insurance providers, hospitals and patient care 
centers as well as patients themselves. Li addition, low cost devices make it more practical for a 
patient to have one or more replacement devices readily available. If the primary device is lost 
or becomes dysfunctional, availability of the replacement eliminates costly expedited repair and 
avoids periods of discontinued ambulatory therapy. 

(16) The present invention, therefore, provides devices, systems, and methods for low 
cost infusion of liquid medications into the body of a mammalian patient while monitoring one 
or more of the patient's physiologic parameters. In accordance with the present invention, a 
small, light weight and low cost fluid delivery device capable of adjustable and programmable 
fluid delivery includes a housing that surrounds a reservoir chamber. In fluid communication 
with the reservoir chamber is a dispenser for dispensing the fluid from the reservoir in finite 
amounts. The dispenser is controlled by an electronic microcontroller (referred to as the "local 
processor") of the fluid delivery device. The fluid delivery device further includes a 
communication element that receives information fi-om a remote control device not mechanically 
attached to the fluid deUvery device of the present invention. Also included is an exit port 
assembly in fluid communication with the dispenser fi-om which the liquid medication exits the 
fluid delivery device and enters the body of a mammalian patient transcutaneously. 

(17) The types of hquids that could be dehvered by the fluid dehvery device of the 
present invention include but are not limited to: insulin, antibiotics, nutritional fluids, total 
parenteral nutrition or TPN, analgesics, morphine, hormones or hormonal drugs, gene therapy 
drugs, anticoagulants, analgesics, cardiovascular medications, AZT or chemo therapeutics. The 
types of medical conditions that the fluid delivery device of the present invention might be used 
to treat are diabetes, cardiovascular disease, pain, chronic pain, cancer, AIDS, neurological 
diseases, Alzheimer's Disease, ALS, Hepatitis, Parkinson's Disease or spasticity. 
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(18) The housing of the fluid deH very device is preferably free of electromechanical 
elements, such as switches or buttons, that the patient would press to program or alter the 
programming of the fluid delivery device. The primary interface between the fluid delivery 
device and the user is via the remote control device. 

(19) The system further includes a data collection assembly, which can be a separate 
device or integrated into either the fluid delivery device or the remote control device. The data 
collection assembly collects data from a sensor. The sensor may be implanted under the skin of 
the patient, located on the skin of the patient, or work with a sample, such as blood, that has been 
taken from the patient and brought near or in contact to the sensor. 

O 

(20) These aspects of the invention together with additional features and advantages 
."1 thereof may best be understood by reference to the following detailed descriptions and examples 
Q taken in connection with the accompanying illustrated drawings. 

^ Brief Description of the Drawings 

s 

(21) Fig. la is a sectional view of an embodiment of a fluid delivery device 
Q constructed in accordance with the present invention; 

ri 

P (22) Fig. lb is a perspective view of an embodiment of a remote control device 

constructed in accordance with the present invention for use with the fluid delivery device of Fig. 
la; 

(23) Fig. Ic is a perspective view of an embodiment of a data collection assembly 
constructed in accordance with the present invention for use with the fluid delivery device and 
the remote control device of Figs, la and lb to form a system according to the present invention; 

(24) Fig. 2 is a sectional view of another embodiment of the fluid delivery device 
constructed in accordance with the present invention; 
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(25) Fig. 2a is an enlarged sectional view of a dispenser of the fluid delivery device of 
Fig. 2 shown with an empty accumulator; 

(26) Fig. 2b is an enlarged sectional view of the dispenser of the fluid delivery device 
of Fig. 2 shovm with the accumulator filled; 

(27) Fig. 3 is a sectional view of an additional embodiment of the fluid delivery device 
constructed in accordance with the present invention; 

(28) Fig. 4 is a sectional view of an further embodiment of the fluid delivery device 
constructed in accordance with the present invention; 

(29) Fig. 5 is a sectional view of another embodiment of the remote control device 
constructed in accordance with the present invention; 

(30) Fig. 6 is a sectional view of another embodiment of the fluid delivery device 
constructed in accordance with the present invention; 

(31) Fig. 7 shows another embodiment of the system constructed in accordance with 
the present invention and including a remote control device shown in perspective view, and a 
fluid delivery device and a data collection assembly shown in a diagrammatic view affixed to a 
patient; 

(32) Fig. 8 shows an additional embodiment of the system constructed in accordance 
with the present invention and including a remote control device and a data collection assembly 
shown in perspective view, and a fluid delivery device shown in a diagrammatic view affixed to 
a patient; 

(33) Fig. 9 is a sectional view of an additional embodiment of the fluid delivery device 
constructed in accordance with the present invention; 

(34) Fig. 10 is a sectional view of a further embodiment of the fluid delivery device 
constructed in accordance with the present invention; 
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(35) Fig. 1 1 is a sectional view of an additional embodiment of the remote control 
device constructed in accordance with the present invention; 

(36) Fig. 12a is a sectional view of an additional embodiment of the fluid delivery 
device constructed in accordance with the present invention 

(37) Fig. 12b is a top plan view of the fluid delivery device of Fig. 12a; 

(38) Fig. 13 is a sectional view of a further embodiment of the fluid delivery device 
constructed in accordance with the present invention; 

(39) Fig. 14 is a top plan view of an embodiment of a shipping package constructed in 
accordance with the present invention and shown containing an embodiment of the fluid delivery 
device; 



^ (40) Fig. 14a is a sectional view of the shipping package taken along line 14a-41a of 

Fig. 14, and wherein the fluid delivery device is shown partially cut-away; 



(41) Fig. 14b is a perspective view of the remote control device of the system of the 
J present invention; 



M' (42) Fig. 14c is a perspective view of the data collection assembly of the system of the 

present invention; 

(43) Fig. 14d is a top view of an insulin cartridge provided as part of the system of the 
present invention; and 

(44) Fig. 14e is a top view of a sterile infusion set provided as part of the system of the 
present invention. 

(45) Like reference characters designate identical or corresponding components and 
units throughout the several views. 
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Detailed Description of the Preferred Embodiments 

(46) Set forth herebelow are detailed descriptions of certain embodiments and 
examples of the fluid delivery systems, devices, and kits as well as methods of the present 
invention. 

(47) In Fig. la, there is illustrated, generally at 10, a fluid dehvery device according to 
the invention. The fluid delivery device 10 includes a housing 20 that surrounds numerous 
internal components including a reservoir 30. The reservoir 30 has a collapsible design such as a 
metal bellows or is made of a collapsible material such as a silicone elastomer. The volume of 
reservoir 30 is chosen to best suit the therapeutic appHcation of the fluid delivery device 10 
impacted by such factors as available concentrations of medicinal fluids to be delivered, 
acceptable times between refills or disposal of the fluid delivery device 10, size constraints and 
other factors. For treatment of Type I diabetic patients, a reservoir of less than 5 ml, specifically 
3 ml is appropriate. The reservoir 30 is in fluid conmiunication with a dispenser 40. 

(48) An electronic microcontroller (referred to as "local processor") 50 controls the 
activation of the dispenser 40. The electronic microcontroller 50 contains all the programming 
information and electronic circuitry and memory needed to allow the user to program the desired 
flow patterns and adjust the programming as necessary. Such circuitry can include 
microprocessors, digital and analog integrated circuits, resistors, capacitors, transistors and other 
semiconductors and other electronic components known to those skilled in the art. The 
electronic microcontroller 50 also includes programming, electronic circuitry and memory to 
properly activate the dispenser at the needed time intervals. A power supply 80, such as a 
battery or capacitor, may be included to supply power to the electronic microcontroller 50. 

(49) An exit port assembly 70 is in fluid communication with the dispenser 40. When 
the electronic microcontroller 50 activates the dispenser 40, a specific amount of fluid exits the 
fluid delivery device 10 via the exit port assembly 70. The exit port assembly can include 
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elements to penetrate the skin of the patient, or can connect to a standard infusion device that 
includes transcutaneous delivery means. 

(50) The housing 20 preferably is free of any electromechanical switches or buttons on 
its surface or otherwise accessible to the user to adjust the programming included in the 
electronic microcontroller 50. hi order to program or adjust the programming of the electronic 
microcontroller 50, the fluid delivery device 10 includes a communication element 60 which can 
receive signals from a separate device. 

(51) In Fig. lb, a remote control device 100 is shown which can commimicate with the 
fluid delivery device 10 of Fig. la via a communication element 60 of the device 10. Signals are 
sent via the controller communication element (not viewable in Fig. lb), which may be 
connected to an antenna 130 shown as being extemal to the device 100, 



^ (52) The remote control device 100 includes user interface components including an 



array of electromechanical switches, such as the membrane keypad 120 shovra. Also included is 



y a visual display 110 such as a liquid crystal display or LCD. A touch screen can altematively be 
p provided. Although not shown, the remote control device 100 also includes its ovm electronic 
microcontroller (referred to as "remote processor") connecting the user interface components to 
the controller communication element. 

(53) The patient or clinician can program the fluid delivery device 10 by entering 
information into the remote control device 100 which can download information from the 
controller communication element 160 to the communication element 60 with each key stroke or 
button pressed or in a batch mode of multiple key strokes. Complex flow algorithms, requests 
for bolus delivery and other desired infusions of the medicinal fluid can be accomplished by 
entering information into the remote control device 100 which is then transmitted to the fluid 
delivery device 10. The communication can be confirmed as acceptable by the fluid delivery 
device 10 electronic microcontroller 50 by using one ore more features such as standard 
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handshaking protocols, redundant transmissions and other communication confirmation methods 
as are known to those skilled in the art. 

(54) The lack of electromechanical switches results in a reduction in the cost of the 
device and greatly reduces the size and surface area requirements. It also allows the housing 
outer surface 21 to be relatively smooth simplifying cleaning and preventing items such as 
sweaters fi-om catching on edges. Since the remote control device 100 also includes a visual 
display 110, the fluid delivery device 10 can be void of an information screen, further reducing 
cost, size and weight. Lacking electromechanical switches and information screens greatly 
simplifies the design of the fluid delivery device 10 to be made more flexible and resistant to 
damage. 

(55) The remote control device 100 may include various personal data assistant (PDA) 
functions such as calendar and date books, address functions, e-mail handling, and games such as 
Trophy Bass 4 manufactured by Sierra Sports. Alternatively, the remote control device 100 may 
include the entire electronics and user interface to function as a cellular telephone. Integration 
with or into such commercial devices as PDA's or Cellular telephones may have a strong appeal 
to patients, potentially reducing the number of handheld devices that are carried in their daily 
lives, or at least making the handheld remote control device 100, multi-functional and more 
practical. 

(56) Shown in Fig. Ic is a data collection assembly 500 provided in accordance with 
the present invention for use with the devices 10, 100 of Figs, la and lb. In the embodiment 
shown, the data collection assembly 500 includes a user interface such as visual display 510. 
The data collection assembly 500 may communicate with either the fluid delivery device 10 or 
the remote control device 100, or the data collection assembly 500 may communicated with both 
the fluid delivery device 10 and the remote control device 100, independently. Such information 
transfer can be accomplished with wireless electronic communication, or by electromechanically 
attaching the data collection assembly 500 to either device. Such electromechanical attachment 
can consist of a male plug on one device and a female receptacle on the other. The data 
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collection assembly 500 may include antenna 530, shown in Fig. Ic as extemal, to facilitate the 
wireless communication such as radio frequency or RF communication signals. 

(57) In a preferred embodiment, the data collection assembly 500 is integrated into the 
fluid delivery device 10 or the remote control device 100. The data collection assembly 500 may 
collect data from a sensor that has been implanted under the skin, a sensor that is attached on or 
near the body of the patient, or a separate sensor that analyzes a samples removed from the 
patient, such as a blood sample. Alternatively, the data collection assembly 500 may include an 
integrated sensor, and directly determine the physiologic parameter, or perform an analysis on a 
biologic sample from the patient. 

(58) In another preferred embodiment, the data collection assembly 500 is integrated 
into either the fluid delivery device 10 or the remote control device 100 and is designed to 
communicate with a separate diagnostic device such as a glucometer or blood analysis machine. 
Information is transferred from the separate diagnostic device to the data collection assembly 
500 via a direct electronic connection or via wireless communication as are described above. 
The information is stored in the data collection assembly 500, and may be made available to the 
user, may be used to assist in modifying the current or fixture programming of the device 10, or 
may directly modify the programming creating a partial or fiill closed loop fluid delivery system. 

(59) Fig. 2 shows a preferred embodiment of the fluid delivery device 10 of the present 
invention where the reservoir 30 is made of a flexible material and is enclosed in the reservoir 
chamber 35 defined by the housing 20 and housing reservoir walls 27. The reservoir 30 is placed 
in compression by compressing member 33 attached to one end of compressing springs 34 which 
are affixed at their other end to the housing 20 causing the fluid inside the reservoir 30 to be at a 
pressure above atmospheric pressure. In a preferred embodiment, the cross sectional area of the 
compressing member 33 approximates the cross sectional area of the reservoir 30. Altematively, 
the housing 20 may include a flexible cantilever beam that contacts the reservoir 30 creating a 
pressure within reservoir 30 above atmospheric pressure. The housing 20 may include holes or 
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slits, not shown, to perform as vents, maintaining the contents of the reservoir at or near room 
temperature. 

(60) In another alternative, the reservoir chamber 35 may be sealed to prevent any 
leaking, and filled with a gas or vapor plus fluid mixture surrounding the reservoir 30 to place 
the fluid within the reservoir under pressure above atmospheric pressure. The gas can be air, or 
the vapor plus fluid mixture could be Freon. The Freon vapor plus fluid mixture provides the 
design advantage of near constant pressure if the fluid delivery device 10 is maintained at near 
constant temperature. In an alternative embodiment, the amount of gas placed in a sealed 
reservoir chamber 35 may be chosen such that the reservoir 30 pressure is less than atmospheric 
for the entire full to empty conditions of the reservoir 30. 

(61) The reservoir 30 may be prefilled by the device manufacturer or a cooperating 
drug manufacturer, or may include external filling means consisting of a fill assembly 31. If the 
fluid delivery device 10 is prefilled by the manufacturer, the memory of the electronic module 50 
can contain various information regarding the prefilled drug including but not limited to type or 
name, concentration and volume. The fill assembly can include a needle insertion septum 32. 
The reservoir 30 and other fluid path components may be placed in a vacuum during the final 
manufacturing process to simplify filling and priming of the fluid delivery device 10 for the 
patient. Needle insertion septum 32 may be constructed of a resealing elastomer such as silicone 
and allow a needle to puncture through to add fluid to the reservoir 30. An alternative to the 
needle insertion septum 32 is a standard fluid connection, such as a Luer connector, which can be 
affixed to the fill assembly 31 in combination with a one way valve such as a duck bill valve, not 
shown. The patient could attach a syringe filled with the liquid medication to the Luer connector 
and fill the fluid delivery device 10. The fill assembly 3 1 may be designed so that the patient can 
fill the fluid delivery device 10 one time only, such as by having the Luer connection break off 
when syringe is removed. 

(62) The dispenser 40 is in fluid attachment with the reservoir 30. The dispenser may 
include an inlet valve 41, and outlet valve 42, and an accumulator 43 therebetween. Since the 
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fluid is maintained at a pressure above atmospheric pressure, opening of the inlet valve 41 allows 
the accumulator to fill to the reservoir pressure, after which the inlet valve is 41 is closed. At the 
proper time determined by the electronic microcontroller 50 programming, the outlet valve 42 
can be opened, dispensing fluid to the exit port assembly 70, which is at the pressure of the 
patient, or atmospheric pressure. The accumulator will then be at atmospheric pressure, and the 
outlet valve 42 can be closed, ready for another repeat cycle. The exit port assembly 70 can 
include a needle for transcutaneous placement or a standard Luer assembly for attachment to a 
transcutaneous needle set. 

(63) The dispenser 40 of the device of Fig. 2 does not create a driving or pumping 
force on the fluid passing therethrough, but rather acts as a metering device, allowing pulses of 
fluid to pass through the dispenser 40 from a pressure in reservoir 30 above atmospheric, to 
pressure at the exit port assembly 70 equal to atmospheric. The dispensing inlet valve 41 and 
outlet valve 42 of the dispenser 40 is controlled by the electronic microcontroller 50. The 
electronic microcontroller 50 includes the electronic programming, controls and circuitry to 
allow sophisticated fluid delivery programming and control of the dispenser 40. 

(64) Fig 2a shows the dispenser 40 where the accumulator 43 is at atmospheric 
pressure. An accumulator membrane 44 is shown in its non-distended state, caused by 
atmospheric pressure only. Inlet valve 41 is closed, and outlet valve 42 may be open or closed, 
but must have been opened since the last time inlet valve 41 was opened. 

(65) Fig 2b shows the condition where outlet valve 42 was closed, and inlet valve 41 
had been opened. Because of the elevated pressure of the fluid from reservoir 30, the 
accumulator membrane 44 is distended thus increasing the volume of accumulator 43 by an 
accumulator volume 45. After inlet valve 41 is closed, ouflet valve 42 can be opened, dispensing 
accumulator volume 45 and allowing accumulator 42 to retract to the position shown in Fig 2a. 
The inlet valve 41 and outlet valve 42 of the dispenser 40 and the electronic microcontroller 50 
are designed to prevent both valves from ever being open at the same time, precluding the 
reservoir 30 to ever flow directly to the exit port assembly 70. The prevention of both valves 
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being open at the same time is critical and can be accomplished via mechanical means, electrical 
means or both. The prevention can be accomplished in the dispenser 40 design, the electronic 
microcontroller 50 design, or both. 

(66) The dispenser 40 shown in Figs. 2, 2a and 2b dispense finite pulses of fluid 
volume, the pulse volume PV, with each series of activations. The pulse volume PV is 
determined by the properties, materials and construction of accumulator 43 and its accumulator 
membrane 44. Pulse volumes delivered by infusion devices are typically chosen to be small 
relative to what would be considered a clinically significant volume. For insulin applications at a 
concentration of 100 units per ml, less than a 2 micro Uter pulse, typically 1 microliter, is 
appropriate. If the fluid delivery device 10 were to be programmed via the remote control device 
100 to deUver 2 units an hour, the dispenser would deliver 20 pulses an hour, or a pulse every 3 
minutes. Such pulsitile flow is continued continuous if the pulse size is small enough. Other 
drugs or concentrations permit a much larger pulse size. Various flow rates are achieved by 
adjusting the time between pulses. To give a fixed volume or bolus, multiple pulses are given in 
rapid succession until the bolus volume is reached. 

(67) The pulse volume PV may not always be constant enough to be within the 
accuracy requirements of the fluid delivery device 10. One factor impacting pulse volume PV is 
reservoir pressure. The fluid delivery device 10 may include means of monitoring reservoir 
pressure RP and adjust the timing between pulses to achieve the desire flow pattem. An example 
of such compensation would be to decrease time between pulses as pulse volume PV decreases 
to maintain the programmed flow rate. Means of monitoring such parameters as reservoir 
pressure RP are described below. Alternative to monitoring pressure would be to monitor the 
volume of reservoir 30. Each time a pulse or series of pulses were delivered, the feedback could 
determine if a proper amount had been delivered, both for individual pulses and cumulative 
intended volume to have been infiised, compensating as errors were detected. Such volume 
transducer means is also described below. 
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(68) The electronic microcontroller is attached to a communication element 60 which 
receives electronic communication from the remote control device 100 using radio frequency or 
other wireless communication standards and protocols. The information transferred includes 
codes or packets of codes that the electronic microcontroller 50 uses to confirm that the 
information was received correctly, similar to the way standard telephone modem 
communication is performed. More sophisticated codes can be included to allow the information 
to be self-corrected or pinpoint the area of bad information. In a preferred embodiment, the 
communication element 60 is a two-way communication element allowing the fluid delivery 
device to send information back to the remote control device 100. Li that particular embodiment, 
Q the remote control device 100 integral controller communication element 160 is a receiver as 
p well as a transmitter allowing it to receive the information sent back by the fluid delivery device 
10. 

^ (69) Also included in the fluid delivery device 10 of Fig. 2 is a power supply 80 for 

IP 

delivering the energy needed by the microcontroller 50. The power supply 80 may be integrated 



into the fluid delivery device 10 and not accessible to the user. In an alternative embodiment, the 
user may insert the power supply 80, typically a battery, into the device. In another embodiment, 



a 

^ the power supply 80 may consist of an integrated battery or capacitor, for minimal power 
H requiring devices, such as the electronic memory, and a user inserted battery for powering the 
remainder of the electronic microcontroller 50. Other components that may require electrical 
energy are the communication element 60, the dispenser 40 and other components such as 
sensors or transducers. Fig. 2 includes a reservoir transducer 37, such as a volume transducer 
such as that described in U.S. Patent 5,533,389 to Kamen et aL Fig. 2 also includes a pressure 
transducer 221, located on the housing reservoir walls 27 and in contact with a portion of the 
reservoir 30. The pressure transducer 221 may consist of force sensing resistor technology such 
as that manufactured by Interlink, Inc. of Camarillo, CA. Reservoir transducer 37 or pressure 
transducer 221 can transmit information to electronic microcontroller 50 to indicate how and 
when to activate the dispenser 40 or other parameter determining flow as well as conditions such 
as the reservoir being empty, loss of pressure or leak, under or over infusion, etc. 
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(70) Fig. 3 depicts another preferred embodiment of the fluid delivery device 10 
including sensors providing feedback to the electronic microcontroller 50, an electronic assembly 
for the various electronic devices and an optional second power supply, potentially a battery and 
insertable by the user by opening a battery door, hicluded is a housing 20 surrounding a 
reservoir 30 which is prefilled during the manufacturing process or alternatively can be filled by 
the user as is described above. The reservoir 30 is in fluid connection with dispenser 40. The 
fluid in reservoir 30 may not be under pressure, or may be at a pressure below atmospheric 
pressure requiring dispenser 40 to include a mechanism to pump the fluid from reservoir 30. 
Such pumping means may be a peristaltic drive as is familiar to those skilled in the art. If the 
fluid of reservoir 30 is at a pressure above atmospheric, dispenser 40 may consist of a fluid 
metering device without pumping capability as is described above. The dispenser 40 is attached 
to exit port assembly 70 through which fluid exits the fluid delivery device 10. The dispenser 40 
is activated by electronic microcontroller 50 that receives electrical energy from power supply 
80. The programming of the electronic microcontroller 50 is adjusted by information received 
via communication element 60 from a remote control device (similar to the device 100 of Fig. 

lb). 

(71) As shown in Fig 3, fluid delivery device 10 may have various sensors which 
feedback information to the electronic microcontroller 50. The reservoir 30 may have in its 
proximity a volume sensor 222, as is described above, whose signals are interpreted by the 
electronic microcontroller 50. Alternatively, a pressure sensor, also described above, could be in 
contact with reservoir 30. Also shown is an occlusion sensor 220 downstream of dispenser 40 
and in approximation to exit port tubing lumen 74. Other types of sensors which may be 
integrated include but are not limited to an occlusion detector, a reservoir volume transducer, a 
reservoir empty detector, a leak detector, a voltage monitor, a photodetector, a pressure 
transducer, a fluid contact detector, an impedance monitor or a vibration monitor 

(72) The electronic microcontroller 50, may include a microprocessor 5 1 , memory 52, 
an electronic clock oscillator 53, an analog to digital converter 54 and a multiplexer 55. Also 
shown in Fig. 3 is an optional secondary power source 83, attached by the user to battery 
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connector 81, and providing electrical power to the electronic microcontroller 50. A battery 
door 82 is removed for insertion and then reattached by sliding in direction Dl to the housing 20 
of fluid delivery device 10. In a preferred embodiment, power supply 80 provides electrical 
power for memory retention and low power electronics only, and secondary power source 83 
provides electrical power for higher consumption devices such as the dispenser 40. Both power 
supply 80 and secondary power source 83 may be consumer batteries, such as alkaline or nickel 
cadmium batteries, or other energy storage devices such as a capacitor. Additionally, both power 
supply 80 and secondary power source 83 may be rechargeable power sources. 

(73) Also shown in Fig. 3 is a preferred embodiment of the present invention in which 
the data collection assembly 500 is integrated into the fluid delivery device 10. The data 
collection assembly 500, which is preferably electrically connected to electronic microcontroller 
50, may be used to collect or store information related to a physiologic parameter of the patient. 
The data collection assembly 500 may include an integrated sensor, not shown, or a 
communication element, also not shown. The communication element may be used to 
communicate with a separate diagnostic device such as a glucometer. hi one embodiment, the 
data collection assembly may consist of a combination of the communication element 60 of the 
fluid delivery device 10 and the electronic microcontroller 50. The communication element 60 
can communicate with a separate diagnostic device using wireless communication, similar to the 
communication with the remote control device 100, and the information can be stored in the 
memory of the electronic microcontroller. 

(74) The information that is collected by the data collection assembly 500 may be used 
to feed back to the patient, via the fluid delivery device 10 or remote control device 100, signify 
an alarm condition, potentially activating a audio or tactile alarm, assist in programming the 
device with user participation, or automatically modify the programming of the device, 
potentially alerting the user of the change. 

(75) Fig. 4 depicts another preferred embodiment of the device wherein the fluid 
delivery device 10 includes means of attaching the device to the skin of the patient. The fluid 
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delivery device 10 includes an integrated data collection assembly 500 that further comprises a 
DCA sensor assembly 520. The device includes a recessed housing 200 that includes a housing 
recessed surface 29. The recessed housing 200 surrounds a reservoir 30 in fluid communication 
with dispenser 40. The reservoir can be filled with the medicinal fluid during the manufacturing 
process or can include means of the patient or caregiver filling the reservoir, not shown. The 
fluid in reservoir 30 may not be under pressure, or may be at a pressure below atmospheric 
pressure requiring dispenser 40 to include a mechanism to pump the fluid from reservoir 30. 
Such pumping means may be a peristaltic drive as is familiar to those skilled in the art. If the 
fluid of reservoir 30 is at a pressure above atmospheric, dispenser 40 may consist of a fluid 
metering device without pumping capability as is described above. The dispenser 40 is attached 
to exit port assembly 70, which terminates in skin penetrating cannula 72. 

(76) The skin penetrating cannula 72 can be a rigid member such as a needle, or a 
flexible cannula. The skin penetrating cannula 72 is inserted through the skin prior to attaching 
the fluid delivery device to the skin and may be inserted by a needle insertion assistance device, 
often spring loaded, and known to those skilled in the art. Such a spring loaded mechanism may 
be integrated into the fluid delivery device 10, not shown. Fig. 4 depicts the skin penetrating 
cannula 72 transcutaneously entering the patient through the surface of patient's skin 210 and 
entering subcutaneous tissue 211. 

(77) The dispenser 40 is activated by electronic microcontroller 50 at specific intervals 
specified by its programming to achieve the desired flow volume or rate. The electronic 
microcontroller receives electrical energy from power supply 80. The programming of 
electronic microcontroller 50 is adjusted by information received via communication element 60 
fi*om a remote control device (similar to the device 100 of Fig. lb). 

(78) The data collection assembly 500 may be located near the portion of the housing 
20 which is placed in contact with the surface of the patient's skin 210. The DCA sensor 
assembly 520 includes means of measuring a physiologic parameter. The physiologic parameter 
can be blood glucose level measured with reflected light or other known technologies. 
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temperature measured with a thermocouple or other known technologies, pressure measured with 
a transducer or other known technologies, a parameter of blood measured with a needle and 
vacuum removal assembly, all not shown, or other physiologic parameter that may be valuable in 
relation to the fluid delivery therapy. 

(79) When attaching the fluid delivery device 10 to the patient's skin, the data 
collection assembly 500 and DCA sensor assembly 520 may be positioned near a previously 
implanted sensor to facilitate proper analysis, reading or communication with said sensor. 
Altematively, the data collection assembly 500 may include the sensor itself, with the sensor 
being positioned near, at or below the skin when the fluid delivery device is attached to the skin 
of the patient. The sensor may be positioned far from the transcutaneous entry site of the skin 
penetrating cannula 72 of exit port assembly 70, as far as can be permitted by the cross sectional 
area of the fluid delivery device 10, in order to avoid potential imwanted impact of direct fluid 
delivery affecting the physiologic parameter. 

(80) Altematively, the sensor may be attached directly to the skin penetrating cannula 
72, attachment not shown, and inserted under the skin simultaneous with the skin penetrating 
cannula 72 being inserted xmder the skin. The DCA sensor assembly 520 is designed to work in 
conjunction with said sensor, and would be placed in proximity to the transcutaneous 
cannula/sensor pair, also not shown. 

(81) Altematively, the data collection assembly 500 may include a communication 
element 540, not shown, to commxmicate with a separate diagnostic device to collect physiologic 
data. 

(82) Fig. 4 also includes adhesive axial projections 204, which are attached to the fluid 
delivery device 10 and are used to affix the fluid delivery device 10 to the surface of the patient's 
skin 210. Depicted in Fig. 4 are two projections forming a single axis, and connected to the side 
of the fluid delivery device 10. Altematively, four projections, one from each side of a top view 
square shaped fluid delivery device 10 may be included, or a continuous piece of adhesive, 
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square cut, that covers the entire device with a boundary significantly larger than the boundary of 
fluid delivery device 10 to fixedly attach fluid delivery device 10 to the surface of the patient's 
skin 210, not shown. The adhesive used on the adhesive axial projections 204, is such that the 
fluid delivery device will remain attached to the patient for the duration of use, typically 2-4 
days, and be removed. The adhesive axial projections 204 may be connected to the side of fluid 
delivery device 10, the top, the bottom, or any combination of surfaces as long as the adhesive 
side projecting out fi^om the fluid delivery device 10 is facing downward as it related to the 
orientation the fluid delivery device is intended to be placed when attached to the patient. 
Typically 2 to 4 projections will be provided. 

(83) Figs. 5 and 6 depict another preferred embodiment of the system wherein the 
remote control device 100 includes the data collection assembly 500. The fluid delivery device 
may include a second data collection assembly 500A. The remote control device may include a 
remote control device alarm transducer 103 and the fluid delivery device may include an alarm 
transducer 223. The device includes a recessed housing 200 that includes a housing recessed 
surface 29. The recessed housing 200 surrounds a reservoir 30 in fluid communication with 
dispenser 40. The reservoir can be filled with the medicinal fluid during the manufacturing 
process or can include means of the patient or caregiver filling the reservoir, not shown. The 
fluid in reservoir 30 may not be under pressure, or may be at a pressure below atmospheric 
pressure requiring dispenser 40 to include a mechanism to pump the fluid fi-om reservoir 30. 
Such pumping means may be a peristaltic drive as is familiar to those skilled in the art. If the 
fluid of reservoir 30 is at a pressure above atmospheric, dispenser 40 may consist of a fluid 
metering device without pumping capability as is described above. The dispenser 40 is attached 
to exit port assembly 70 which terminates in skin penetrating cannula 72. The skin penetrating 
cannula 72 can be a rigid member such as a needle, or a flexible cannula. The skin penetrating 
cannula 72 is inserted through the skin prior to attaching the fluid delivery device to the skin and 
may be inserted by a needle insertion assistance device, often spring loaded, and known to those 
skilled in the art. Such a spring loaded mechanism may be integrated into the fluid delivery 
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device 10, not shown. Fig. 5 depicts the skin penetrating cannula 72 transcutaneously entering 
the patient through the surface of patient's skin 210 and entering subcutaneous tissue 211. 

(84) The dispenser 40 is activated by electronic microcontroller 50 at specific intervals 
specified by its programming to achieve the desired flow volume or rate. The electronic 
microcontroller receives electrical energy from power supply 80. The electronic microcontroller 
50 programming is adjusted by information received via communication element 60 from a 
remote control device 100. 

(85) The fluid delivery device 10 of Fig, 6 also includes adhesive axial projections 204 
which are attached to the fluid delivery device 10 and are used to affix the fluid delivery device 
10 to the surface of the patient's skin 210. Depicted in Fig. 6 are two projections forming a 
single axis, and connected to the side of the fluid delivery device 10. Alternatively, four 
projections, one from each side of a top view square shaped fluid delivery device 10 may be 
included, or a continuous piece of adhesive, square cut, that covers the entire device with a 
boundary significantly larger than the boundary of fluid delivery device 10 to fixedly attach fluid 

Q delivery device 10 to the surface of the patient's skin 210, not shown. The adhesive used on the 
adhesive axial projections 204, is such that the fluid delivery device will remain attached to the 
patient for the duration of use, typically 2-4 days, and be removed. The adhesive axial 
projections 204 maybe connected to the side of fluid delivery device 10, the top, the bottom, or 
any combination of surfaces as long as the adhesive side projecting out from the fluid delivery 
device 10 is facing downward as it related to the orientation the fluid delivery device is intended 
to be placed when attached to the patient. Typically 2 to 4 projections will be provided. 

(86) In Fig. 6, the data collection assembly 500 is integral to the remote control device 
100. The data collection assembly 500 includes a DCA sensor assembly 520 which is used to 
measure a physiologic parameter. Alternatively, the data collection assembly may include a 
DCA sensor communication element 540, not shown, to communicate with a separate device 
used to measure a physiologic parameter. The information collected by the data collection 
assembly 500 is transferred to the internal programming of the remote control device 100 and 
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may be additionally transferred to the memory of the fluid delivery device 10 via wireless 
communication described above. The information collected can be made available to the patient 
or clinician, used to assist in programming of the fluid delivery device 10, used to determine or 
modify an alarm condition or to activate an alarm transducer, or the information can be used to 
automatically modify, with or without user confirmation, the future fluid delivery profile. 

(87) An optional second data collection assembly 500A may be included in the system, 
shown in Fig. 6 as integral to the fluid delivery device. The second data collection assembly 
500A may include a second DCA sensor communication element 540A for commimicating with 
non-integrated sensor assembly 600, shown in Fig. 6 implanted in the subcutaneous tissue under 
the patient's skin, or DCA sensor communication element 540A may communicate with a 
separate diagnostic device. Alternatively or additionally, the second data collection assembly 
500A may include a second DCA sensor assembly 520A, not shown, for directly or indirectly 
measuring a physiologic parameter. 

(88) Since the functions of the data collection assembly 500 and second data collection 
assembly 500A are the same, and a third data collection assembly could be included, it is implied 
that having a separate data collection assembly device, and integrating into either or both of the 
fluid delivery device 10 and remote control device 100 are all embodiments within the scope of 
this application. 

(89) Fig. 7 depicts a preferred embodiment of the present invention defining a system 
including a remote control device 100, a fluid delivery device 10 that is affixed to the patient 
800, preferably in the abdominal area, and a data collection assembly 500 that is attached to the 
wrist of patient 800. The data collection assembly 500 may communicate with either or both the 
fluid delivery device and the remote control device 100. In a typical application, the data 
collection assembly 500 may include glucose sensing technology, such as that developed by 
Cygnus Corporation of California, and may communicate with either device via 
electromechanical connection, as described above, or via wireless communication, also described 
above. 
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(90) Fig 8 depicts another preferred embodiment of the present invention defining a 
system including a remote control device 100, a fluid delivery device 10 that is affixed to the 
patient 800, preferably in the abdominal area, and a separate diagnostic device 900. At least one 
of the fluid delivery device 10 or the remote control device 100 will include a data collection 
assembly 500, not shown, which will receive information from the separate diagnostic device 
900. The communication between devices with be accomplished via electromechanical 
connection, as described above, or via wireless communication, also described above. 

(91) Fig. 9 depicts an embodiment of the fluid delivery device 10, which comprises a 
reusable assembly 93 and a disposable assembly 94 such that when the two assemblies are 
connected, the exit port assembly 70 exits fi-om the disposable assembly 94 in a direction away 
from the reusable assembly 93. The fluid delivery device includes a data collection assembly 
500 for collection of physiologic data. The disposable assembly 94 includes a housing 20D that 
surrounds a reservoir 30 in fluid communication with a fluid metering element 48. The reservoir 
30 can be filled with the medicinal fluid during the manufacturing process or can include means 
of the patient or caregiver filling the reservoir, not shown. The fluid in reservoir 30 may not be 
under pressure, or may be at a pressure below atmospheric pressure requiring fluid metering 
element 48 to include a mechanism to pump the fluid from reservoir 30. Such pumping means 
may be a peristaltic drive as is familiar to those skilled in the art. If the fluid of reservoir 30 is at 
a pressure above atmospheric, fluid metering means 48 may consist of a fluid metering device 
without pumping capability as is described above. The fluid metering means 48 is attached to 
exit port assembly 70. Exit port assembly 70 may terminate in a standard Luer connection, not 
shown, and be connected to a standard transcutaneous infusion set, also not shown. 

(92) The reusable assembly 93 includes a housing 20R that surrounds a 
communication element 60, electronic microcontroller 50, metering control means 46 and power 
supply 80. The metering control means 46 is activated by electronic microcontroller 50 at 
specific intervals specified by its programming. Metering control means 46 activates fluid 
metering element 48 to achieve the desired flow volume or rate. The electronic microcontroller 
receives electrical energy from power supply 80. The electronic microcontroller 50 
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programming is adjusted by information received via communication element 60 from a remote 
control device (similar to the device 100 of Fig. lb). 

(93) The reusable assembly 93 and disposable assembly 94 can be connected by the 
user utilizing reusable assembly snaps 95 which are received by mating holes or cutouts in the 
disposable assembly, to mechanically attach the two assemblies. Alternatively, the snaps may be 
present on the disposable assembly 94. Alternative means of attachment, not shown, include 
mating threads, adhesive bonds, Velcro, and other attachment means, hi all configurations, both 
attachment and separation of the two assemblies is preferred. Multiple disposable assemblies 94 
maybe attached and removed from a single reusable assembly 93. 

(94) As shown in Fig. 9, the data collection assembly 500 contained in the disposable 
assembly 94 ftirther comprises a DCA sensor assembly 520 which is used to measure a 
physiologic parameter. Alternatively, the data collection assembly may include a DCA sensor 
communication element 540, not shown, to communicate with a separate device used to measure 
a physiologic parameter. The information collected by the data collection assembly 500 is 
transferred to the internal programming of the fluid delivery device 10 and may be additionally 
transferred to the memory of a remote control device (similar to the device 100 of Fig. lb) via 
wireless commimication described above. The information collected can be made available to 
the patient or clinician, used to assist in programming of the fluid deUvery device 10, used to 
determine or modify an alarm condition or to activate an alarm transducer, or the information can 
be used to automatically modify, with or without user confirmation, the future fluid delivery 
profile. 

(95) Fig. 10 depicts another embodiment of the fluid delivery device 10 including a 
reusable assembly 93 and a disposable assembly 94. When the two assemblies 93, 94 are 
connected, the exit port assembly 70 exits from the disposable assembly 94 in a direction toward 
and through the reusable assembly 93. The fluid delivery device also includes a data collection 
assembly 500 for collection of physiologic data. The disposable assembly 94 includes a housing 
20D that surrounds a reservoir 30 in fluid communication with a fluid metering element 48. The 
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reservoir 30 can be filled with the medicinal fluid during the manufacturing process or can 
include means of the patient or caregiver filling the reservoir, not shown. The fluid in reservoir 
30 may not be under pressure, or may be at a pressure below atmospheric pressure requiring 
fluid metering element 48 to include a mechanism to pump the fluid fi-om reservoir 30. Such 
pumping means may be a peristaltic drive as is familiar to those skilled in the art. If the fluid of 
reservoir 30 is at a pressure above atmospheric, fluid metering means 48 may consist of a fluid 
metering device without pumping capability as is described above. The fluid metering means 48 
is attached to exit port assembly 70. Exit port assembly 70 may terminate in a standard Luer 
connection, not shown, and be connected to a standard transcutaneous infusion set, also not 
shown. 

(96) The reusable assembly 93 includes a housing 20R which surrounds a 
communication element 60, electronic microcontroller 50, metering control means 46 and power 
supply 80. The metering control means 46 is activated by electronic microcontroller 50 at 
specific intervals specified by its programming. Metering control means 46 activates fluid 
metering element 48 to achieve the desired flow volume or rate. The electronic microcontroller 
receives electrical energy fi-om power supply 80. The electronic microcontroller 50 
programming is adjusted by information received via communication element 60 from a remote 
control device (similar to the device 100 of Fig. lb). 

(97) The reusable assembly 93 and disposable assembly 94 can be connected by the 
user utilizing disposable assembly snaps 97 which are received by mating holes or cutouts in the 
reusable assembly, to mechanically attach the two assemblies. Alternatively, the snaps may be 
present on the reusable assembly 93. Alternative means of attachment, not shown, include 
mating threads, adhesive bonds, Velcro, and other attachment means. In all configurations, both 
attachment and separation of the two assemblies is preferred. Multiple disposable assemblies 94 
may be attached and removed from a single reusable assembly 93. 

(98) The data collection assembly 500 contained the reusable assembly 93 fiirther 
comprises a DCA sensor assembly 520 which is used to measure a physiologic parameter. 
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Alternatively or additionally, the data collection assembly may include a DCA sensor 
communication element 540, not shown, to communicate with a separate device used to measure 
a physiologic parameter. The information collected by the data collection assembly 500 is 
transferred to the internal programming of the fluid delivery device 10 and may be additionally 
transferred to the memory of the remote control device (similar to device 100 of Fig. lb) via 
wireless communication described above. The information collected can be made available to 
the patient or clinician, used to assist in programming of the fluid delivery device 10, used to 
determine or modify an alarm condition or to activate an alarm transducer, or the information can 
be used to automatically modify, with or without user confirmation, the future fluid delivery 
profile. 

(99) Fig. 1 1 depicts another preferred embodiment of the remote control device 100 of 
the present invention including a data collection assembly 500 which has integral to it either or 
both a DCA sensor 520 assembly or a DCA sensor communication element 540. The remote 
control device 100 further comprises a remote control device alarm transducer 103. The remote 
control device 100 is a hand held device that includes a controller housing 102, on which is 
mounted a visual display 110, such as a liquid crystal display or LCD. The visual display 110 
can visually indicate status of programming, amounts, timing, and other parameters of medicinal 
fluid delivery. Other information can include time of day, address book, to do lists and calendar 
information and potentially an entertainment interface such as computerized bass fishing or other 
popular hand held computer game. Another use of the visual display 1 10 is to display 
information received or to be sent to devices other than fluid delivery device such as a 
glucometer used by diabetic patients or other diagnostic device, especially those whose 
information is related to the desired infusion rates and volumes to be delivered by fluid dehvery 
device. The remote control device 100 may have a diagnostic device, such as a blood glucose 
monitor or glucometer, or an implantable glucose sensor reader, integrated into it, simplifying 
the requirements of the patient by not having to carry and maintain two separate devices. Other 
diagnostic devices include but are not limited to blood diagnostic devices, electrocardiography 
devices and readers, electroencephalogram or EEG devices and readers, blood pressure monitors 
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and pulse oxymetry devices. Alternative to full integration of the diagnostic device, would be 
connection to the device via wireless or hardwired communication means, to perform a transfer 
of information. 

(100) The visual display 1 10 can also include information such as warning and alarm 
conditions based on the status of the fluid delivery device. Elements such as indicator lights, 
buzzers, and vibrational alarms may also be included in the remote control device 100 as 
alternative or redundant means of communicating information to the user. 

(101) The user can get information and adjust the programming of the device by 
depressing various electromechancal switches also mounted on controller housing 102. These 

0 switches may be joined in a bank of switches and included in membrane keypad 120 as shown in 
^ Fig. 1 1 and as is common with hand held electronic devices. It is preferred that the choice of 
p electromechanical switches of the membrane keypad 120 interface with the visual display 1 10 in 
^ a menu driven fashion making reading information and programming the device more user 
LFi friendly for the user. In an alternative embodiment, the visual display 110 and membrane 
^ keypad 120 can be combined into a single device such as a touch screen display, also common to 
Q electronic devices. Combination of touch screen displays, membrane keypads and singular 
^ switches may all be integrated into the remote control device (similar to the device 100 of Fig. 
R lb). 

(102) The remote control device 100 may include various electromechanical jacks, 
which can accept electromechanical plugs from various devices. In the embodiment of Fig. 1 1, a 
glucometer port 150 is provided. Additional cormections may include ports for a bar code reader 
or a computer. These ports can allow two way transfer of information to enhance the capabilities 
of remote control device 100 and improve user friendliness. The membrane keypad 120, the 
visual display 110 and the port 150 are attached to the controller electronics 105. Other ports 
would also be attached to the controller electronics. The controller electronics are mounted and 
soldered to the controller printed circuit board 101 as is the controller communication element 
160. 
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(103) The controller communication element 160 is designed to transmit information to 
the communication element 60 of the fluid delivery device 10. In a preferred embodiment, both 
the communication element 60 and the controller communication element 160 are two way 
commimication assemblies allowing two way communication between the remote control device 
100 and fluid delivery device 10. In order to send wireless information the communication 
element 60 and the controller communication element 160 may include inductive wire loops or 
other transmitting antenna means. Information can be sent using amplitude or frequency 
modulation, and can be broadcast in the radio frequency, or RF range. Standard information 
confirmation techniques such as handshaking or checksum protocols can be used to insure 
accurate information transfer. With two-way communication, when errors are detected, the 
transfer can be repeated until acceptable, a similar technique to that utilized with two way pager 
technology commonplace today. 



^ (104) If the fluid delivery device 10 is prefiUed prior to patient use, the electronic 

m memory of electronic microcontroller 50 may contain information regarding the fluid including 
but not limited to type or name, concentration, amount, volume, additional drugs in solution and 
0 any diluting agents. This information can be transmitted from the fluid delivery device 10 via its 
^ communication element 60, and uploaded into the remote control device 100 via its controller 
^ conmiunication element 160. Other information may be factory installed into the fluid delivery 
device 10 including but not limited to manufacturing date, expiration date, sterilization date, 
therapy information such as defined flow profiles and even patient or hospital information. This 
information can be uploaded into the remote control device 100 as described above, and the 
remote control device 100 may adjust its internal programming based on the information 
received. 

(105) In a preferred embodiment, the electronic memory of the fluid delivery device 10 
includes the latest program of the remote control device 100 available at the time of manufacture 
of the fluid delivery device 10. Similarly, the electronic memory of the remote control device 
100 includes the latest program of the fluid delivery device 10, available at the time of 
manufacture of the remote control device 100. At the first communication between the remote 
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control device 100 and the fluid delivery device 10, a program check is performed, and if a 
newer software version for either device is available from the other device, and the existing 
hardware is compatible, another feature which can be programmed into both devices, the newer 
program is downloaded into memory and used by the upgraded device. The embedded program 
may be contained in read only memory, or ROM, while the downloaded program can be written 
into electronically writeable memory. The automatic update feature, available for each device to 
upgrade the other, is another way to make sure the user has the best available product for use. 

(106) Another advantageous feature associated with two-way communication is the 
addition of a proximity alarm. The design of the fluid delivery device 10 and remote control 

0 device 100 electronics can be such that when the distance between the two devices is greater than 
^ a particular radial length, one or both of the devices will alert the user, potentially with an audio 
alarm. The alarming distance should be chosen so that it is less than the communication range of 

w 

the two devices. A method of creating the alarm is for the fluid delivery device 10 to send out 
y'] frequent packets of information at a predetermined rate and at an amplitude or power less than 
f ^ the normal communication power, providing a safety margin for the proximity detection. The 
0 remote control device 100 programming expects to receive this communication at the 
^ predetermined rate, and lack of receipt of one or more of these packets, causes the remote control 
device 100 to activate its audio alarm 106. Alternatively or additionally, a vibrational alarm may 
be included. Proximity alarms may be included that do not require two way communication, by 
integrating a device such as a magnet into the housing 20 of fluid delivery device 10, and 
integrating magnetic field detection means into the remote control device 100. When the remote 
control device 100 magnetic field detection means do not detect the presence of fluid delivery 
device 10 magnetic field, the remote control device 100 activates controller audio alarm 106. 

(107) Still referring to Fig. 1 1, the remote control device 100 includes a controller 
power supply 108 that powers the various electronic components including the controller 
electronics 105, controller audio alarm 106. The controller power supply 108 may be a standard 
battery and in the preferred embodiment, the power supply 108 may be replaceable by the user 
by removing a battery door, not shown, and replacing after power supply 108 is inserted and 
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attached. In an alternative embodiment, the power supply is integrated into the remote control 
device 100, and can be recharged with a separate device or contains enough power to supply the 
device for its intended length of use. 

(108) The data collection assembly 500 contained the remote control device 100 further 
comprises a DCA sensor assembly 520 which is used to measure a physiologic parameter. 
Altematively or additionally, the data collection assembly may include a DCA sensor 
communication element 540, to communicate with a separate device used to measure a 
physiologic parameter. The information collected by the data collection assembly 500 is 
transferred to the internal programming of the remote control device 100 and may be additionally 
transferred to the memory of the fluid delivery device 10 via wireless communication described 
above. The information collected can be made available to the patient or clinician, used to assist 
in programming of the fluid delivery device 10, used to determine or modify an alarm condition 
or to activate an alarm transducer, or the information can be used to automatically modify, with 
or without user confirmation, the future fluid delivery profile. 

(109) The remote control device alarm transducer can be an audio alarm, such as a 
beeper, or a vibrational alarm such as a rotating eccentric shaft. The remote control device alarm 
transducer can be activated when various alarm conditions are encountered, such as those present 
in the either the fluid delivery device 10 or the remote control device 100. The alarm condition 
may be determined based on information collected by the integral data collection assembly 500. 
The remote control device 100 can also be designed to function not only as a programming 
device for fluid delivery device 10, but also as a key chain for carrying the patient's personal 
keys such as house or car keys. 

(110) Fig. 12a is a sectional side view, taken at an end side view of fluid delivery device 
10. The fluid delivery device 10 includes adhesive axial projections 204, from each of four sides 
of fluid delivery device 10. The adhesive axial projections 204 are used to affix the fluid 
delivery device 10 to the surface of patient's skin 210. Altematively, a square or circular shaped 
boundary adhesive material could be used, not shown, to affix to the surface of the patient's skin 
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210. The adhesive axial projections 204 are shown attached to the top surface of fluid delivery 
device 10, it should be appreciated by those skilled in the art, that the adhesive projections 204 
could be attached to the side or bottom of fluid delivery device 10 and could be in various 
geometric configurations, shapes, sizes and lengths. 

(111) Fig. 12a devices exit port assembly 70 comprising skin penetrating cannula 72 
which penetrates the surface of patient's skin 210 and enters subcutaneous tissue 211. The 
connection fi*om the exit port assembly 70 to the skin penetrating cannula 72 can be a permanent 
connection made by the manufacturer or can be a user connectable assembly. For the purposes 
of cost reduction, transcutaneous penetration means that are connected by the manufacturer may 
be appropriate. 

(112) Fig. 12b is a top view of the fluid delivery device 10 prior to attachment to the 
patient. Shown are four adhesive axial projections 204, and information barcode 26 which can 
contain various pieces of information pertaining to fluid delivery device 10, such as 
manufacturing date, pre-filled therapeutic fluid information, expiration date, clinician or patient 
information, and other pre-determined facts. This information can be read by a separate device 
such as the remote control device (similar to the device 100 of Fig. lb). 

(113) Fig. 13 shows another preferred embodiment of the fluid dehvery device 10 of the 
present invention. In this embodiment, the exit port assembly 70 is integrated into an adhesive 
axial projection 204. In addition, in this preferred embodiment, the dispenser 40 consists of 
multiple Uquid accumulators, first accumulator 43 A and second accumulator 43B which are 
utilized to improve device performance. 

(114) The fluid delivery device 10 includes adhesive axial projections 204, projecting 
fi-om two or more of the sides of fluid delivery device 10. The adhesive axial projections 204 are 
used to affix the fluid delivery device 10 to the surface of patient's skin 210. Altematively, a 
square or circular shaped boimdary adhesive material could be used, not shown, to affix to the 
surface of the patient's skin 210. The adhesive axial projections 204 are shown attached to the 
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top surface of fluid delivery device 10, it should be appreciated by those skilled in the art, that 
the adhesive projections 204 could be attached to the side or bottom of fluid delivery device 10 
and could be in various geometric configurations, shapes, sizes and lengths. 

(1 15) The sectional side view of fluid delivery device 10 shown in Fig. 13 depicts the 
exit port assembly 70 attached to one of the adhesive axial projections 204, such that the action 
of penetrating the surface of patient's skin 210 can be accomplished at the same time as affixing 
the appropriate adhesive axial projection 204 to the patient. The exit port assembly 70 further 
comprises a cannula access septum 76, which can be accessed with a penetrating member such as 
a needle or stylet, not shown. The cannula access septum 76 is designed to seal around the 
penetrating member during access, and repeatedly reseal after access and removal preventing 



tp leakage. The needle or stylet in combination with the cannula access septum 76 can be used to 
assist in the initial skin penetration step after which the needle or stylet is removed, or to achieve 



subsequent fluid access to the skin penetrating cannula 72. The exit port assembly 70 and skin 

^ penetrating cannula 72 are preferably preattached by the manufacturer. 

Ul 

SI 

1 ^ (116) Also depicted in the side cross-sectional view of fluid dehvery device 10 of Fig. 

13, is a dispenser 40 which comprises two accumulator assemblies, first accumulator 43 A which 
is designed to accumulate a fixed volume of fluid PVl when first accumulator membrane 44 A is 
fially expanded to the limits of the cavity of first accumulator 43 A, which occurs at a broad range 
of reservoir, or input pressures, and a second accumulator 43B which is designed to accumulate a 
fixed volume of fluid PV2 when second accumulator membrane 44B is fiilly expanded to the 
limits of the cavity of second accumulator 44B, which occurs at a broad range of input pressures. 
The volumes, PVl and PV2 may be chosen such that PVl is greater than PV2 and potentially a 
fixed multiple of PV2 volume, volumes that are determined by the size of each cavity for both 
first accumulator 43 A and second accumulator 44B. Assuming that each accumulator has a 
fixed volumetric error, such that the percentage error of first accumulator 43 A is less than the 
percentage error of second accumulator 43B, the activation of both accumulators can be made 
such as to reduce overall error of the system. In a practical application, PVl can be 10 
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microliters at 0.5 microliter accuracy, or 5% potential error. PV2 can be 1 microliters at 0.5 
microliter accuracy, or 50% potential error. 

(117) In use, inlet valve 41 can be opened to fill first accumulator 43 A by expanding the 
first membrane 44A to contact the cavity walls of first accumulator 43 A driven by the 
pressurized fluid fi-om reservoir 30. After a predetermined fill time, inlet valve 41 is closed. 
Intermediate valve 47 must remain closed during the filling of the first accmnulator 43 A. 
Second accumulator 43B is filled by opening intermediate valve 47 while maintaining outlet 
valve 42 in a closed state, expanding second membrane 44B to contact the cavity walls of second 
accumulator 43B driven by the pressure of the fluid in first accumulator 43 A. Intermediate valve 
47 remains open for the second accumulator 43B predetermined fill time after which 
intermediate valve 47 is closed. Therapeutic fluid is delivered to the patient via exit port 
assembly 70 when outlet valve 42 is opened for an appropriate time to allow second accumulator 
membrane 44B to contract, expelling second accumulator pulse volume PV2. Note that any time 
outlet valve 42 is open, both intermediate valve 47 and inlet valve 41 must be closed. In the 
example, after 10 open and close cycles of outlet valve 42, delivering 10 pulses of volume PV2, 
no more that 10.0 microliters plus or minus 0.5 microliters will have been delivered based on the 
5% accuracy of first accumulator 43 A. This multiple accumulator design prevents over infusion 
inaccuracy to ever be greater than the accuracy of the first accumulator 43 A for an amount of 
volume equal to PVl. 

(118) Fig. 14 depicts the fluid delivery device 10 packaged in a container. Described in 
Fig. 14a is means of automatically activating the power supply of the fluid delivery device 10. 
The fluid delivery device 10 is contained within a sterile assembly pack 350 including a sterile 
assembly lid 352 which may be made of Tyvek material manufactm-ed by Dupont. 

(119) An information barcode 26 may be included on the sterile assembly pack 350, 
preferably on the sterile assembly lid 352. The information barcode 26 can include various 
pieces of information regarding the status of that particular fluid delivery device 10 such as type, 
volume and concentration of drug prefiUed in the device, expiration date of device or drug. 
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manufacture date of device or drug, serial numbers, lot numbers, hospital name, clinician name, 
patient name, prescription requirements and various other pieces of information. The barcode 
information can be read into a hospital or home computer, or in the preferred embodiment is 
uploaded via a barcode reader integral to the remote control device 100. 

(120) The fluid delivery device 10 and remote control device 100 electronics and 
programming can be designed such that the bar code must be read prior to programming or 
otherwise using the fluid delivery device 10. This feature can greatly reduce programming errors 
such as those associated with the patient entering drug information. If the patient were to enter a 
drug concentration that was incorrect, and did all the remaining programming in units of drug, 
instead of volume, which is common practice, while the device would function properly, all of 
the volumes delivered would be inaccurate based on the ratio of the incorrect concentration 
entered versus the true concentration of the drug being delivered. Many drugs are available in 
multiple concentrations such as insulin often made available to patients in 40, 50 and 100 units 
per ml concentrations. 

(121) The fluid delivery device 10 may be packaged individually or with various other 
kit components, such as a transcutaneous infiision set if not integral to the fluid delivery device 
10. Altematively, a portion of the fluid delivery device surrounding the exit port assembly 70 
may be covered, sealed and sterilized with a sterility maintaining covering such as Tyvek, not 
shown, avoiding the need for a tray and the sterile assembly lid 352. 

(122) Fig. 14a is a cross sectional side view at the edge of fluid delivery device 10. The 
sterile assembly lid 352 is sealed to the sterile assembly tray 353 forming a microbial barrier 
such that when the sterile assembly 350 is sterilized, the fluid delivery device contained within 
the sterile assembly 350 remains sterile. The sterile assembly tray 353 may be made of various 
material types, such as PETG, and of sufficient thickness and construction to protect the fluid 
delivery device during shipment and storage, and may include geometries to stabilize the fluid 
delivery device 10 thus preventing movement. Altematively, the sterile assembly tray 353 may 
be a flexible bag, also sealed with the sterile assembly lid 352 to create a sterile container. 
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(123) The sterile assembly pack 350 further comprises a FDD activation tether 84 which 
is fixedly attached at one end to sterile assembly lid 352. The other end of FDD activation tether 

84 is located between power supply 80 and electronic microcontroller 50, such that when 
constructed of an electrically insulating material, prevents flow of electrons from the power 
supply to the electronic microcontroller. When the sterile assembly lid 352 is removed, the 
FDD activation tether 84 is pulled out from between the power supply 80 and the electronic 
microcontroller 50. The power supply 80 may be spring biased with one or more battery springs 

85 such that when the FDD activation tether 84 is removed, the power supply 80 makes electrical 
connection with the electronic microcontroller 50. 

(124) It should be appreciated by those skilled in the art, that various other activation 
means and methods can be accomplished with the FDD activation tether 80. The FDD activation 
tether 80 could be attached to the tray, causing the above actuation when the fluid delivery 
device 10 is removed fi'om the sterile assembly tray 353. Alternatively, the FDD activation 
tether 84 could activate a switch within the fluid delivery device 10, not shown, could 
magnetically make an electrical connection, could remove a separate insulative material, could 
remove a covering thus allowing air to contact a portion of the power supply needed for 
activation, or various other means, all not shown. Automatic activation of the pump may 
increase life of the device, such as battery life, improve safety, simplify use and correlate 
opening the package with the chronological start of use. 

(125) The fluid delivery device 10 of the system of the present invention may be sold to 
hospitals, pharmacies, outpatient centers or the patients themselves. If the fluid delivery device 
is intended for short term or disposable use, it may be practical to sell each device with various 
accessories or groups of accessories that are convenient for the user. It may be desirable for 
certain parts of the fluid delivery device, or accessories such as an attachable transcutaneous 
infusion set, such as that described hereabove, to be packaged sterilized in a protective 
packaging. Proper aseptic maintenance of the portion of the skin that receives the transcutaneous 
access is important to prevent infection. Figs. 14b, 14c, 14d and 14e depict various components 
that may be packaged together in kit form. 
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(126) Fig. 14b depicts the remote control device 100 of the present invention which 
could be packaged or provided as a kit with one or more of sterile package assembly 350, 
including fluid delivery device 10. There is no need for the remote control device 100 to be 
sterilized, so if the fluid delivery device 10 was sterilized, one or more sterile package assemblys 
350 can be boxed or otherwise packaged with a single remote control device 100 along with one 
or more other devices. 

(127) Fig. 14c depicts a separate data collection assembly 500 of the system of the 
present invention that is used to gather data relating to a physiologic parameter. The data 
collection assembly 500 is designed to communicate with either or both the fluid delivery device 

^ 10 or the remote control controller 100. The communication may be accomplished with a direct 
^ electrical connection or via wireless communication as described above. The data collection 
\i assembly may include a DCA sensor assembly 520, not shown. The DCA sensor assembly 520 
may include means of quantifying a physiologic sample. For example, the physiologic sample 

=P may be blood, and the physiologic parameter to be quantified may be blood glucose. 

HI 

3 Additionally or altematively, the data collection assembly 500 may include a DCA sensor 

La, 

communication element 540 that communicates with a sensor which measures of physiologic 

B parameter. An example would include an implanted blood glucose sensor, wherein the DCA 

£ 

m sensor communication element comprises a light source, and a means of measuring type, 
^ quantity and quality of the reflected light fi'om the implanted sensor. Altematively, the DCA 
sensor communication element 540 may work with a separate diagnostic device such as a 
Glucometer. Other communication means may include infi-ared or near infi-ared light, and 
samples taken may include interstitial fluid. 

(128) Fig 14d depicts a therapeutic fluid supply 250, which may consist of a vial of drug 
such as insulin. The drug, in one or more vials, which has been sterilized and made otherwise 
biocompatible for use, can be packaged with one or more sterile package assemblies 350 as well 
as with one or more remote control devices 100. Additional devices may be included in the kit if 
desired. 
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(129) Figure 14e depicts a sterile infusion set assembly 407 including the 
transcutaneous infusion set 400 described hereabove and packaged in an infusion set pouch 406. 
The infusion set 400 includes an infusion set Luer 401 connected to infusion set flexible tubing 
404 and terminating in an infusion set penetrating cannula 405. An optional set of infusion set 
wings 403 can be included to attach the infusion set 400 to the patient's skin. In the preferred 
embodiment of fluid delivery device 10, the transcutaneous delivery means are integrated into 
exit port assembly 70, however in an alternative embodiment, the exit port assembly 70 can be 
attached to infusion set 400. In this particular embodiment, it may be desirable to kit sterile 
infusion set assemblies 407 with any quantity of one or more of sterile assembly pack 350, fluid 
delivery device 10, remote control device 100 or therapeutic fluid supply 250. 

(130) The fluid delivery device 10 of the system of the present invention is intended to 
be low cost and potentially disposable. It may be advantageous for one or more of the 
components to be biodegradable, since replacement of the device every two to five days has 
many advantages, it would also generate a fair amount of waste. The fluid delivery device 10 
may include a preinstalled battery as its power supply 80. In order to prevent the battery from 
powering the electronics of fluid delivery device 10 before its intended use, a mechanical switch 
may be included, connecting the battery contacts to the electronics prior to programming with 
the remote control device 100. A simplistic version of the switch design may be an insulating 
material between the battery contacts of power supply 80 and the electrical connection to the 
electronic microcontroller 50 as is described above in relation to the fluid delivery device 10 
embodiment depicted in Fig. 14a. The insulating material could be designed to protrude through 
housing 20, and be removable by the user, not shown. The user could pull the insulating material 
and remove it, simultaneously connecting the battery contacts with the electrical connection to 
the electronic microcontroller. 

(131) The fluid delivery device 10 of the present invention may be filled with the 
therapeutic fluid by the device manufacture, a pharmaceutical company, or another manufacturer 
prior to its shipment to the hospital, pharmacy or patient. Certain drugs require refiigeration or 
other special environmental conditions, requiring the prefilled fluid delivery device to be 
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refrigerated or otherwise handled to meet special requirements. Insulin is a drug that requires 
refrigeration if it is to be stored for a prolonged period of time. Hoechst, of Frankfurt Germany, 
is developing insulin that is stable at higher temperatures. Drugs that are stable at room 
temperature, such as the developmental insulin of Hoechst, allov^ simple filling and handling of 
the fluid delivery device 10, greatly simplifying the requirements for the patient. 

(132) Various methods of using the fluid deUvery device 10 are included in the present 
invention and described above. The method of programming the fluid delivery device 10 with 
remote control device 100 as well as the attachment and use of the peripheral devices including 
transcutaneous infusion sets and diagnostic devices such as glucometers are described. The 
ability of the complete system including fluid delivery device 10, remote control device 100 and 
data collection assembly 500 to provide a low cost, sophisticated system for therapeutic fluid 
delivery, wherein data regarding a physiologic parameter is collected is a definitive need. The 
system can gather the data by including integrated sensor and other means of analyzing a 
particular physiologic parameter, including measurement of a sample, such as blood or other 
bodily fluid from the patient. Alternatively, the system can work with a separate diagnostic 
device which measures the physiologic parameter and communicates with the system via direct 
electronic connection or wireless communication. 

(133) Also relevant to the system, is the ability to update the internal programming of 
either the fluid delivery device 10 or the remote control device 100 by the corresponding device. 
If the data collection assembly 500 is a stand alone device, internal programming can also be 
updated by either the fluid delivery device 10 or remote control device 100, or the data collection 
assembly 500 could update the fluid delivery device 10 or programming of the remote control 
device 100. 

(134) Methods of filling the fluid delivery device 10 with therapeutic fluid during the 
manufacturing process as well as by the user have been described. Methods and timing of 
sterilization and packaging of part or all of the system of the present invention including fluid 
delivery device 10 and a therapeutic fluid have also been described. 
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(135) Although exemplary embodiments of the invention have been shown and 
described, many changes, modifications and substitutions may be made by those having ordinary 
skill in the art without necessarily departing from the spirit and scope of this invention. For 
example, the fluid delivery device of this invention is intended to be low cost, light weight, 
simple to use and potentially disposable by removing a majority of the user interface, including 
electromechanical switches, from the fluid delivery device, and including a separate controller to 
replace those functions. A reservoir, fluid dispenser, transcutaneous fluid administration means, 
solid state electronics and wireless communications are included in the fluid delivery device to 
perform its intended function. While various means of reservoir construction, pressurization 
means, fluid pumping means, fluid metering means, transcutaneous delivery, electronic control 
and wireless communications have been discussed in this application, alternatives to each of 
these areas can be made without departing from the spirit of the invention. Additionally, while 
diagnostic devices such as a Glucometer have been referenced in this application, many currently 
available diagnostic devices may be used and potentially modified to work with the system, 
especially those diagnostic devices whose output in some way is relevant to volume, timing and 
other parameters of medicinal fluid delivery. 

(136) In addition, where this patent application has listed the steps of a method or 
procedure in a specific order, it may be possible or even expedient in certain circumstances to 
change the order in which some steps are performed, and it is intended that the particular steps of 
the method or procedure claims set forth herebelow not be construed as being order-specific 
unless such order specificity is expressly stated in the claim. 
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